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As the modern highway transportation has high speed, high traffic density and heavy 
load, bituminous concrete pavements are subjected to various types of distress such as 
fatigue cracking, rutting and raveling. Modification of the asphalt binder is one 
approach taken to improve pavement performance. Generally, fibers and polymers are 
two important materials used for this purpose. 
It is thought that the addition of glass fibers to asphalt mixtures enhances material 
strength and fatigue characteristics.  
In this research, Glass Fiber are used to investigate the potential prospects to enhance 
asphalt mixture properties. Study aims include studying the effect of adding different 
percentages of Glass Fiber on the properties of asphalt mix comparing it with the local 
and international requirements, besides identifying the optimum percent of Glass fiber 
to be added in the hot mix asphalt. 
Glass fiber (12mm) were added to the asphalt mixture. Marshal mix design procedure 
was used, first to determine the Optimum Bitumen Content (OBC) and then further to 
test the modified mixture properties. In total, (33) samples were prepared, 12 samples 
were used to determine the OBC and the remaining were used to investigate the effects 
adding different Glass fiber percentages to asphalt mix. The OBC was 5.4 % by the total 
weight of asphalt mix. Six proportions of Glass fiber by the total weight of mix were 
tested (0.1, 0.2, 0.4, 0.6, 0.8 and 1%), besides testing of ordinary asphalt mix. Tests 
include the determination of stability, bulk density, flow and air voids. 
Results indicated that Glass fiber can be conveniently used as a modifier for asphalt 
mixes to improve performance of some asphalt mix properties. Glass fiber content of 
0.27 % by the total weight of mix is recommended as the optimum Glass fiber content. 
Asphalt mix modified with 0.27 % Glass fiber meet the requirements of local and 
international specifications. 
Study recommends that further studies are needed in various types of fibers and others 
percent of bitumen. And its required to establish a Palestinian standard for the Modified 




العالية، الكثافةة المروريةة العاليةة وااحمةاث الثقيلةة، وبالتةالي تتعةر تتميز شبكات الطرق الحديثة بالسرعات 
الرصفات االسفلتية انواع مختلفةة مةن الوة وا والتشةوهات. الخلطةات االسةفلتية المعدلةة تعتبةر احةدى طةرق 
ام االياف الصناعية والبوليمرات تعتبةر مةن أهةم المةواد المسةتخدمة لهةذا تحسين أداء هذه الخلطات. بشكل ع
 ال ر .
االيةةةاف الزجاجيةةةة الةةةي الخلطةةةات االسةةةفلتية يحسةةةن مةةةن قةةةوة هةةةذه الخلطةةةات ومقاومتهةةةا  اوةةةافة يعتقةةةد بةةةأن
للتحقةةةن مةةةن احتمةةةاالت اسةةةهامها فةةةي تحسةةةين  االيةةةاف الزجاجيةةةةفةةةي هةةةذا البحةةةخ، تةةةم اسةةةتخدام . للتشةةةوهات
(. أهةداف الدراسةةة تشةمل تحديةد تةةأثير إوةافة نسةةب لسةةطحيةاالسةفلتية ا )الطبقةةخصةا ص الخلةيس ااسةةفلتي 
متطلبةات المواصةفات المحليةة  ومقارنتهةا مةععلة  خصةا ص الخلةيس ااسةفلتي االياف الزجاجيةة مختلفة من 
  إلوافتها للخليس االسفلتي. اليةالمث فاالياإل  جانب تحديد نسبة  والدولية،
وقد اسةتخدمت طريقةة مارشةاث لتصةميم الخلطةة . للخليس ااسفلتي مم 12االياف الزجاجية بطوث تم اوافة 
وكةذل  الختبةار خصةا ص الخلةيس ااسةفلتي الموةاف  (OBC) االسةفلتية لتحديةد محتةوى البيتةومين اامثةل
واسةتخدم العةدد  محتةوى البيتةومين اامثةل عينةة لتحديةد 12اسةتخدمت قةد عينةة، و  33، تم إعةداد االيافإليه 
نتةا     .الة  الخلةيس ااسةفلتي االياف الزجاجيةمن  المتبقي من العينات لدراسة آثار اوافة النسب المختلفة
تةم اختبةار   .وزن الخلةيس ااسةفلتي مةن %5.4فحص عينات مارشاث بينت أن محتوى البيتومين اامثل هو 
الخلةةيس علةة  خصةةا ص الخلةةيس ااسةةفلتي محسةةوبة مةةن وزن  االيةةاف الزجاجيةةةنسةةب مةةن  6اوةةافة  تةةأثير
، إلة  جانةةب اختبةار خصةةا ص الخلةيس ااسةةفلتي (%1 – 0.8 – 0.6 – 0.4 – 0.2 – 0.1)وهةةي  الكلةي
 االختبةةةارات شةةةملت تحديةةةد درجةةةة الثبةةةات واالنسةةةياب والكثافةةةة اللاهريةةةة ونسةةةبة فرا ةةةات الهةةةواء فةةةي .العةةةادي
 الخليس ااسفلتي.
)الطبقةة  اإلسةفلتيةخةواص الخلطةات بع كمحسةنات لة االيةاف الزجاجيةةه يمكةن اسةتخدام أشةارت النتةا   أنة
يعتبةةةر النسةةةبة  الخلةةةيس الكلةةةيمةةةن وزن  ٪0.27بنسةةةبة  االيةةةاف الزجاجيةةةةإوةةةافة  وان( سةةةطحيةال اإلسةةةفلتية
يلبةةي المتطلبةةات حيةةخ أن الخلةةيس ااسةةفلتي المعةةدث بهةةذه النسةةبة  اإلسةةفلتيةلتحسةةين أداء الخلطةةة  المثلةة 
 والدولية.الميكانيكية للمواصفات المحلية 
 باسةتخدام أنةواع أخةرى مةن االيةاف ونسةب مختلفةة مةن البيتةومينمزيةد مةن الدراسةات  بةرجراءأوصةت الدراسةة 
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A good roadway infrastructure is an essential component of a strong and stable 
economy. Asphalt Concrete (AC), a mixture of bitumen and aggregate is a widely-
employed material for pavement construction. 
As the modern highway transportation has high speed, high traffic density, heavy load 
and channelized traffic, bituminous concrete pavements are subjected to various types 
of distress such as fatigue cracking, rutting and raveling (Remadevi, et al., 2014). 
Modification of the asphalt binder is one approach taken to improve pavement 
performance. Generally, fibers and polymers are two important materials used for this 
purpose (Abtahi, et al., 2013). 
The principal functions of fiber as reinforcement material is to provide additional tensile 
strength in the resulting composite. This may increase the amount of strain energy that 
can be absorbed during the fatigue and fracture process of the mix. 
Attempts of using non-synthetic fibers in pavement have been reported in the literature. 
Cotton fibers and asbestos fibers were used but these were degradable and were not 
suitable as long term reinforcement. Metal wires have also been proposed but they were 
susceptible to rusting with the penetration of water. Asbestos was also used until it was 
determined as a health hazard (Mahrez, et al., 2005). 
This study investigates on the characteristics and properties of glass fiber reinforced 
Asphalt, which may have the benefit of improving the performance of road pavement. 
1.2 Statement of the Problem: 
Asphalt is used in road pavements as the binder of aggregates in a great extent all 
around the world. Asphalt pavements must undergo heavy loads and unfavorable 
environmental conditions for an acceptable period of time. High-temperature rutting and 
low temperature cracking are the most considerable limitations of unmodified and pure 
asphalts. Therefore, modification and reinforcement of asphalt binder is necessary 
(Zahedi, et al., 2014). 
It is thought that the addition of glass fibers to asphalt mixtures enhances material 
strength and fatigue characteristics while adding ductility. Because of their excellent 
mechanical properties, glass fibers might offer an excellent potential for asphalt 
modification (Mahrez, et al., 2005). 
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This research presents an experimental investigation of fiber reinforced asphalt made 
from aggregate and binder with and without fibers. This work is aimed at developing 
and testing mechanical properties (Marshall stability, Plastic flow, Stiffness, voids) of 
asphalt modified with glass fiber. 
1.3 Objectives:  
This research aims to produce distinct asphalt mixes with optimum proportions which 
consist of aggregate, binder and glass fibers. This mix has more strength, more 
resistance for cracking and modified properties.  
The objectives of this study are: 
1. Produce optimum asphalt mix which consist of aggregate, binder and glass 
fibers. 
2. Studying the behavior and properties of glass fiber modified asphalt mix 
(stability, Plastic flow, Stiffness, voids). 
1.4 Methodology: 
To achieve the objectives of this research, the following tasks will be executed: 
1. Conducting a literature review about hot mix asphalt and fibers. 
2. Collection of material for laboratory testing and executing the testing program. 
3. Preparing the mix design using fiber, with different percentages “i.e. 0%, 0.1%, 
0.2%, 0.4%, 0.6%, 0.8% & 1%” by the total weight of asphalt mix. 
4. Testing of the samples: 
5. Measure the stability, flow, stiffness, VA (%), VMA (%) and VFB (%) for 
each sample. 
6. Preparing the mix design using recommended percentage of glass fiber.  
7. Analysis of results, and recommendations. 
1.5 Thesis structure  
The thesis includes five chapters and six appendices. A brief description of the chapters’ 







Chapter 1: Introduction 
This chapter is a brief introduction, which highlights the concept of research. In 
addition, statement of problem, aim, objectives and methodology of research are 
described. 
Chapter 2: Literature review 
Brief introduction related to hot mix asphalt, Fibers and its utilization in asphalt mix is 
included in this chapter. Moreover, previous researches relevant to Fiber modified 
asphalt mixes are reviewed. 
Chapter (3) Materials and study program  
This chapter handles two topics: 
1- The preliminary evaluation of used materials properties such as aggregates, 
bitumen and glass Fiber. 
2-  The description of experimental work which has been done to achieve the study 
objectives. 
Chapter (4) Results and data analysis  
The achieved results of laboratory work are illustrated in this chapter through three 
stages. First stage handles the results of blending aggregates to obtain asphalt wearing 
course gradation curve. In the Second stage, Marshal Test results are analyzed in order 
to obtain the optimum bitumen content (OBC). The following stage discusses the effect 
of adding different percentages of Glass Fiber on asphalt mix properties; finally, the 
optimum Glass Fiber content is obtained.  
Chapter (5) Conclusion and recommendations  
Conclusions derived from experimental results are presented. Moreover, the 


































Asphalt pavement is a composite material consisting of mineral aggregates, 
asphalt binder and air voids. The load-carrying behavior and resulting failure of such 
material depends on many mechanisms that are strongly related to the local load transfer 
between aggregate particles (Sadd et al., 2004). 
Due to the rapid urbanization and industrialization of the world over the last century, the 
construction and maintenance of transportation roadways is a constant demand in both 
urban and rural areas. Furthermore, due to excessive traffic loads and environmental 
factors, many existing pavements have already reached the end of their service life and 
other pavements will soon require maintenance (Siriwardane, et al., 2010). 
As the world continues to urbanize and construct transportation roadways, the need for 
quality sustainable pavement is a constant need. Due to these demands, transportation 
experts and engineers focused on improving the performance and life of pavements. 
More specifically, pavement design research has focused on the application of various 
fibers in asphalt binders and mixtures to improve performance. Since the 1950s, 
research studies reported on the performance of many different fibers, from polyester to 
used tire shreds, which have shown success in their applications throughout various 
constructions (Jahromi, et al., 2008). 
Some fibres have high tensile strength relative to bituminous mixtures, thus it was 
found that fibres have the potential to improve the cohesive and tensile strength of 
bituminous mixes. 
2.2 Hot mix asphalt  
Hot-Mix Asphalt (HMA) is the most widely used paving material around the world. It's 
known by many different names: HMA, asphaltic concrete, plant mix, bituminous mix, 
bituminous concrete, and many others. It is a combination of two primary ingredients 
aggregates and asphalt binder. Aggregates include both coarse and fine materials, 
typically a combination of different size rock and sand. The aggregates total 
approximately 95% of the total mixture by weight. They are mixed with approximately 
5% asphalt binder to produce HMA. By volume, a typical HMA mixture is about 85% 
aggregate, 10% asphalt binder, and 5% air voids. Additives are added in small amounts 
to many HMA mixtures to enhance their performance or workability. Because asphalt 
concrete pavement is much more flexible than Portland cement concrete pavement, 
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asphalt concrete pavements are sometimes called flexible pavements (A manual for 
design of hot mix asphalt with commentary, 2011). 
Asphalt concrete pavements are engineered structures composed of a group of layers of 
specific materials that is positioned on the in-situ soil (Sub Grade). Figure (2.1) shows a 
vertical section of typical asphalt concrete pavement structure. 
 
 
Figure (2.1): Vertical section of asphalt concrete pavement structure 
 
2.2.1 Basic materials in hot mix asphalt 
2.2.1.1 Aggregates 
Aggregates (or mineral aggregates) are hard, inert materials such as sand, gravel, 
crushed rock, slag, or rock dust. Properly selected and graded aggregates are mixed with 
the asphalt binder to form HMA pavements. Aggregates are the principal load-
supporting components of HMA pavement. 
Because about 95% of the weight of dense-graded HMA is made up of aggregates, 
HMA pavement performance is greatly influenced by the characteristics of the 
aggregates. Aggregates in HMA can be divided into three types according to their size: 
coarse aggregates, fine aggregates, and mineral filler. Coarse aggregates are generally 
defined as those retained on the 2.36-mm sieve. Fine aggregates are those that pass 
through the 2.36-mm sieve and are retained on the 0.075-mm sieve. Mineral filler is 
defined as that portion of the aggregate passing the 0.075-mm sieve. Mineral filler 
material - also referred to as mineral dust or rock dust - consists of very fine, inert 
mineral with the consistency of flour, which is added to the hot mix asphalt to improve 
 
8 
the density and strength of the mixture. It shall be incorporated as part of the combined 
aggregate gradation (Transportation research board committee, 2011). 
2.2.1.2 Asphalt binder (bitumen) 
Asphalt binder (bitumen) which holds aggregates together in HMA is thick, heavy 
residue remaining after refining crude oil. The physical properties of asphalt binder vary 
considerably with temperature. At high temperatures, asphalt binder is a fluid with a 
low consistency similar to that of oil. At room temperature, most asphalt binders will 
have the consistency of soft rubber. At subzero temperatures, asphalt binder can become 
very brittle. Many asphalt binders contain small percentages of polymer to improve 
their physical properties; these materials are called polymer modified binders. Most of 
asphalt binder specification was designed to control changes in consistency with 
temperature (A manual for design of hot mix asphalt with commentary, 2011).  
2.2.2 Desirable properties of asphalt mix    
Mix design seeks to achieve a set of properties in the final HMA product. These 
properties are related to some or all variables which include asphalt binder content, 
asphalt binder characteristics, degree of compaction and aggregate characteristics such 
as gradation, texture, shape and chemical composition (Lee et al., 2006). Some of the 














Table (2.1): Summary of properties Asphalt- Aggregates mixes (Lee et al., 2006) 
Property Definition 
Examples of mix variables which 
have influence 
Stiffness 
Relationship between stress 
and strain at a specific 
temperature and time of 
loading 
- Aggregate gradation 
- Asphalt stiffness 
- Degree of compaction 
- Water sensitivity 
- Asphalt content 
Stability 
Resistance to permanent 
deformation (usually at high 
temperature and long times of 
loading- conditions of low 
S(mix). 
- Aggregate surface texture 
- Asphalt gradation 
- Asphalt stiffness 
- Asphalt content 
- Degree of compaction 
- Water sensitivity 
Durability 
Resistance to weathering 
effects (both air and water) and 
to the abrasive action of traffic. 
- Asphalt content 
- Aggregate gradation 
- Degree of compaction 
- Water sensitivity 
Fatigue 
Resistance 
Ability of mix to bend 
repeatedly without fracture 
- Aggregate gradation 
- Asphalt Content 
- Degree of compaction 
- Asphalt stiffness 
Fracture 
Characteristics 
Strength of mix under single 
tensile stress application. 
- Aggregate gradation 
- Aggregate type 
- Asphalt Content 
- Degree of compaction 
- Water sensitivity 




Ability of mix to provide 
adequate coefficient of 
friction between tire and 
pavement under "wet" 
conditions 
- Aggregate texture and 
resistance to polishing 
- Aggregate gradation 
- Asphalt content 
Permeability 
Ability of air, water, and 
water vapor to move into and 
through mix 
- Aggregate gradation 
- Asphalt content 
- Degree of compaction 
Workability 
Ability of mix to be placed 
and compacted to specified 
density 
- Asphalt content 
- Asphalt stiffness at Placement 
- Aggregate surface texture. 





2.2.3 Gradation specifications for asphalt wearing course 
An aggregate's particle size distribution, or gradation, is one of its most influential 
characteristics. In hot-mix asphalt, gradation helps to determine almost every important 
property including stiffness, stability, durability, permeability, workability, fatigue 
resistance, and resistance to moisture damage. Gradation is usually measured by a sieve 
analysis. We are going to discuss the Palestinian specification PS 171, American 
Society for Testing and Materials ASTM D3515 and German Specification ZTV 
Asphalt – StB 94 for the gradation of asphalt wearing coarse. 
2.2.3.1 Palestinian specification PS 171/1998: 
The gradation of the PSI requirements is shown in Table (2.2) and Figure (2.2). 
Table (2.2): Gradation of asphalt wearing course for PSI requirements (PS 171,1998) 
Sieve size  
(mm) 
Percentage by Weight Passing 
Lower Level Upper Level 
14.0 85 100 
4.75 60 80 
2.36 45 65 
0.6 20 35 
0.150 10 20 
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2.2.3.2 American Society for Testing and Materials specification (ASTM D3515) 
The gradation of ASTM D3515 (Mix Designation D-5) requirements is shown in Table 
(2.3) and Figure (2.3). 
Table (2.3): Gradation of asphalt wearing course for ASTM D3515 
Sieve size  
(mm) 
Percentage by Weight Passing 
Lower Level Upper Level 
19.0 100 100 
12.5 90 100 
4.75 44 74 
2.36 28 58 
0.3 5 21 
0.075 2 10 
 
 
Figure (2.3): Gradation of asphalt wearing course for ASTM D3515 
2.2.3.3 German Specifications ZTV Asphalt – StB 94: 
The German specifications have five gradations for the asphalt wearing course. They 
are 0/16S, 0/11S, 0/11, 0/8 and 0/5, we chose the grade 0/11S and drew it in Figure 2.4. 
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Table (2.4): Gradation of Asphalt Wearing Course ( ZTV Asphalt – StB 94 / Jendia, 
2000) 
Sieve size  
(mm) 
Percentage by Weight Passing 
Lower Level Upper Level 
11.2 90 100 
8.0 70 85 
5.0 58 70 
2.0 40 50 
0.71 27 40 
0.25 14 28 




Figure (2.4): Gradation of asphalt wearing course Course ( ZTV Asphalt – StB 94 / 
Jendia, 2000) 
 
In this thesis, we will use the ASTM Gradation (D-5) and Marshal method of mix 
design. The Marshall test procedures have been standardized by the American Society 
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Figure (2.5): Gradation of Asphalt Wearing Course (ASTM D3515) 
2.2.4 Mechanical properties specifications for asphalt binder course 
Two specifications for the mechanical properties of asphalt wearing course are 
reviewed. First is the Ministry of Public Works & Housing (MPWH) local projects 
specification. Second is the Asphalt Institute specification (MS-4).  Table (2.6) 





















Gradation of Asphalt Wearing Course (ASTM D3515)
min
max
Sieve No. Sieve size (mm) 
Percentage by Weight Passing 
Min Max 
3/4" 19 100 100 
1/2" 12.5 90 100 
3/8" 9.5 67 88 
#4 4.75 44 74 
#8 2.36 28 58 
#30 0.6 16 39 
# 50 0.3 5 21 
# 80 0.18 3 15 
#200 0.075 2 10 
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Table (2.6): Mechanical properties specifications for asphalt wearing course (MPWH, 





(Asphalt Institute, 2007) 
Min. Max. Min. Max. 
Stability (kg) 900 * 817 * 
Flow (mm) 2 4 2 3.5 
Percent Voids in Mineral 
Aggregate (VMA)% 
14 * 13 * 
Percent Air-Voids (Va)% 3 5 3 5 
Percent Voids Filled with 
Asphalt (VFA)% 
60 75 65 75 
Bulk density (gm/cm3) 2.3 * 2.3 * 
 
2.3 Fiber modified asphalt mix 
2.3.1 Introduction 
In order to improve the performance of asphalt pavements, many fibers have been 
incorporated in asphalt mix as additives. 
A multitude of fibers and fiber materials were introduced and are continuously being 
introduced in the market as new applications such as polyester fiber, asbestos fiber, 
glass fiber, polypropylene fiber, Carbon fiber, Cellulose fiber, etc. (Serfass, et al., 
1996).  
Some fibers have high tensile strength relative to bituminous mixtures, thus it was 
found that fibers have the potential to improve the cohesive and tensile strength of 
bituminous mixes. 
This high tensile strength reinforcement may increase the amount of strain energy that 
can be absorbed during the fatigue and fracture process of the mix. 
Previous researches showed that the addition of the fiber into bitumen increased the 
stiffness of the asphalt binder resulting in stiffer mixtures with decreased binder drain-
down. The fiber modified mixtures showed improved Marshall properties by increasing 
the stability values and decrease in the resulting air void content compared to the 




2.3.2  Fibers properties & classification: 
Fibers have been defined by the Textile Institute as units of matter characterized by 
flexibility, fineness and a high ratio of length to thickness. (Morton, et al., 2008). 
Fibers can be natural, both vegetable and animal in origin and also synthetic. They are 
long, fine forms of matter with diameter generally of the order of 10 microns and 
lengths ranging from a few millimeters to virtually being continues. 
Natural fibers have been used by people throughout their history, synthetic fibers are 
much more recent newcomers. Even so, since their initial development, synthetic fibers 
have grown to rival and in some markets, replace natural fibers. These fibers where first 
produced in 1947 (Bunsell, 2009). 
2.3.2.1 Fiber classification: 
The fibers may be divided into two major groups 
(a) Natural fibers  
Natural fibers include those produced by plants, animals, and geological processes. 
They are biodegradable over time. They can be classified according to their origin. 
(b) Man-made fibers 
Fibers produced by industrial processes, whether from natural polymers transformed 
upon the action of chemical reagents or through polymers obtained by chemical 
















2.3.2.2 Typical fiber properties: 
Table (2.7) give typical properties of many types of fibers (Bunsell, 2009). 










Polyester 15 1.38 0.8 15 
Polyethylene 38 0.96 3 3.5 
Cotton 10 - 27 1.54 0.6 7 
Silk 12 1.4 0.4 25 
Cellulose 4 - 60 1.52 0.5 25 
Glass 10 - 13 2.54 3.5 4.5 
Carbon 7 - 10 2.1 3.7 0.9 
2.3.3  Fiber materials and mixtures  
It is generally understood that asphalt is strong in compression and weak in tension. 
Adding fibers with high tensile strength can help increase the tensile strength of a 
mixture. In theory, stresses can be transferred to the strong fibers, reducing the stresses 
on the relatively weak asphalt mix. To effectively transfer stresses, there must be good 
adhesion between the fiber and the asphalt binder; a greater surface area on the fibers 
can aid this adhesion. In addition, the fiber needs to be uniformly dispersed in the 
mixture to avoid stress concentrations (A manual for design of hot mix asphalt with 
commentary, 2011). 
2.3.3.1 Types of Fibers 
Many types and forms of fibers have been used in asphalt mixtures, either 
experimentally or routinely. Cellulose, mineral, and polymer fibers are the most 
common. The most commonly used types of fibers and their reported benefits and 
disadvantages are summarized in Table 2.8 (A manual for design of hot mix asphalt 







Table (2.8): Reported benefits and disadvantages of common fiber types 
Fiber Type Reported Advantages Reported Disadvantages 
Cellulose 
• Stabilizes binder in open- and gap-
graded stone matrix asphalt (SMA) 
mixtures. 
• Absorbs binder, allowing high binder 
content for more durable mixture. 
• Relatively inexpensive. 
• May be made from a variety of plant 
materials. 
• Widely available. 
• High binder absorption 
increases binder cost. 
• Not strong in tensile mode. 
Mineral 
• Stabilizes binder in open- and gap-
graded SMA mixtures. 
• Not as absorptive as cellulose. 
• Electrically conductive fibers have 
been used for inductive 
heating for deicing purposes or to 
promote healing of cracks. 
• Some may corrode or 
degrade because of moisture 
conditions. 
• May create harsh mixes 
that are hard to compact and 
may be aggressive, causing 
tire damage if used in 
surfaces. 
Polyester 
• Resists cracking, rutting, and 
potholes. 
• Increases mix strength and stability. 
• Higher melting point than 
polypropylene. 
• High tensile strength. 
• Higher specific gravity 
means fewer fibers per unit 
weight added. 
• Cost-effectiveness not 
proven/varies. 
Polypropylene 
• Reduces rutting and cracking. 
• Derived from petroleum, so 
compatible with asphalt. 
• Strongly bonds with asphalt. 
• Resistant to acids and salts. 
• Low specific gravity. 
• Lower melting point than 
some other fiber materials 
require control of production 
temperatures. 
• Begins to shorten at 
300°F.. 
Aramid 
• Resists cracking, rutting, & potholes. 
• Increases mix strength and stability. 
• High tensile strength. 
• May contract at higher temperature, 
which can help resist rutting. 





• Controls rutting, cracking, and 
shoving. 
• Combines benefits of aramid and 
polyolefin (polypropylene) fiber types. 
• Cost-effectiveness not 
proven/varies. 
Glass fiber 
• High tensile strength. 
• Low elongation. 
• High elastic recovery. 
• High softening point. 
• Brittle. 
• Fibers may break where 
they cross each other. 




2.4 General Fiber Studies: 
Using fibers to improve the behavior of materials is not a new concept. Fibers are 
widely used as reinforcing agent in concrete, however, the modern ways of fiber 
reinforcement started in the early 1950 (Jahromi et al., 2008). 
Since fibers have higher tensile strengths compared to bituminous mixtures, they have 
the possibility to enhance the cohesive and tensile strength of bituminous mixes. Fibers 
have the ability to impart physical changes to bituminous mixtures, such as 
reinforcement and toughening (Brown, et al., 1990). Divided fibers provide a high 
surface area per unit weight, and behave much like filler materials which bulk the 
bitumen eliminating aggregate run off during construction (Mahrez, et al., 2003). 
Both natural and synthetic fibers have been utilized in various hot mix asphalt 
applications. Natural fibers include asbestos, cellulose, and rock wool. While synthetic 
fibers include polypropylene, polyester, and aramid. Fibers do not react chemically with 
the asphalt but rather reinforce and stiffen the asphalt mastic. 
The possible advantages of using fibers to reinforce asphalt paving mixtures include 
reduced fatigue, thermal and reflective cracking; increased service life; and economic 
benefits. 
Hongou and Philips believe that the idea of using fibers to improve the behavior of 
materials is an old suggestion. The use of fibers can be traced back to a 4000-year-old 
arch in China constructed with a clay earth mixed with fibers or the Great Wall built 
2000 years ago. However, the modern developments of fiber reinforcement started in 
the early 1950s (Abtahi et al., 2010). 
Zube (1956), published the earliest known study on the reinforcement of asphalt 
mixtures. his study evaluated various types of wire mesh placed under an asphalt 
overlay in an attempt to prevent reflection cracking. The study concluded that all types 
of wire reinforcement prevented or greatly delayed the formation of longitudinal cracks. 
Zube suggests that the use of wire reinforcement would allow the thickness of overlays 
to be decreased while still achieving the same performance. No problems were observed 
with steel/AC mixture compatibility. 
Simpson et al. (1994), conducted a study of modified bituminous mixtures in Somerset, 
Kentucky. Polypropylene and polyester fibers and polymers were used to modify the 
asphalt binder. Two proprietary blends of modified binder were also evaluated. An 
unmodified mixture was used as a control. Testing included Marshall stability, indirect 
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tensile strength (IDT), moisture damage susceptibility, freeze/thaw susceptibility, 
resilient modulus, and repeated load deformation. Mixtures containing polypropylene 
fibers were found to have higher tensile strengths and resistance to cracking. None of 
the fiber modified mixtures showed resistance to moisture induced, freeze/thaw 
damage. Fiber modified mixtures showed no improvement in stripping potential. IDT 
results predict that the control and polypropylene mixtures will not have problems with 
thermal cracking whereas the mixtures made with polyester fibers and polymer.  
Mid-range temperature resilient modulus tests showed polypropylene fiber modified 
mixtures were stiffest, while high temperature resilient modulus testing measured 
increased stiffness for all mixtures over the control. Rutting potential as measured by 
repeated load deformation testing was found to decrease only in polypropylene 
modified samples. 
Qunshan, et al. (2009), used three types of fibers including polyester fibers, cellulose 
fibers and mineral fibers as modifiers for asphalt mixture with the dosage of 0.30 %, 
0.35 % and 0.40 % by the total weight of asphalt mixture. The fatigue properties of 
asphalt mixture were studied at different stress ratios. Their extensive work showed that 
fatigue parameters of asphalt mixtures with fibers were decreased, which indicated that 
fatigue property could be improved by fibers modifiers. 
Chen et al. (2009), studied the volumetric and mechanical properties, and design 
method of fiber-reinforced asphalt mixtures. Four different fiber were used: polyester, 
poly acrylonitrile, lignin, and asbestos fibers. Marshall tests were performed to measure 
the volumetric and mechanical properties of asphalt mixtures. Performance tests were 
also conducted to examine moisture susceptibility and dynamic stability. Results show 
that the optimum asphalt content, air void, void in mineral aggregate and Marshall 
stability increase, while bulk specific gravity decreases after adding fibers into asphalt 
mixtures. Optimum asphalt content, Marshall stability, and dynamic stability increase 
initially and then decrease with increasing fiber content. 
Based on the test results, a fiber content of 0.35% by mass of mixture is recommended 
for the polyester fiber used in this study. 
Park et al. (2015), investigated the reinforcing effect of steel fibers in asphalt concrete 
through indirect tension tests conducted at -20 C. Control specimens with no fibers, and 
test series with carbon and polyvinyl alcohol fibers are also carried out for comparison. 
Cracking resistance, indirect tensile strength, fracture energy, and post-cracking energy 
were obtained from the tests. The effects of fiber diameter, length, deformed shape, and 
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content of steel fibers were investigated in order to provide fundamental understanding 
of the reinforcing mechanisms mobilized during fiber pull out and select proper 
reinforcing fibers. The test results demonstrate that the low temperature cracking 
resistance of asphalt concrete can be significantly improved by adding the proper type 
and amount of steel fibers, but that the improvements in mechanical properties are 
sensitive to fiber length and diameter. The indirect tensile strength and toughness of 
fiber reinforced asphalt concrete increase with an increase in fiber length within the 
0.2–0.4 mm diameter range. Mechanical deformations of the fibers, e.g. presence of a 
hook or twisting, can induce further improvements in post-cracking energy absorption. 
Compared to unreinforced specimens, fiber reinforced specimens show up to 62.5% 
increase in indirect tensile strength, and up to 370% and 895% improvements in fracture 
energy and toughness, respectively. A hypothesis that explains the fiber reinforcing 
mechanism in asphalt concrete is proposed and critiqued based on the test data. 
2.5 Specific Studies 
2.5.1 Polypropylene Fiber 
Polypropylene fibers are widely used as a reinforcing agent in concrete. Polypropylene 
fibers were also used as modifiers in asphalt concrete in the United States. Ohio State 
Department of Transportation (ODOT) has published a standard for the use of 
polypropylene fibers in high-performance asphalt concrete. 
Remadevi et al. (2014), present the studies on stability, flow and volumetric properties 
of fiber reinforced bituminous concrete in comparison with the properties of 
conventional bituminous concrete. Marshall’s stability tests were conducted to 
determine the optimum binder content. By varying the amount of 10 mm polypropylene 
fibers (4%, 6%, 8% and 10% by weight of bitumen), optimum fiber content was 
obtained.  
The results indicate that the addition of PP fibers increases the stability but decreases 
the flow value. 
Tapkın (2008), manufactured asphalt concrete specimens with polypropylene fibers at 
the optimum bitumen content. It was observed for fiber reinforced specimens that the 
Marshall stability values increased and flow values decreased in a noticeable manner. 
The fatigue life of these specimens was also increased. The improvement of the 
properties of asphalt concrete shows the positive effect of polypropylene fibers. The 
fiber reinforced asphalt mixture exhibits good resistance to rutting, prolonged fatigue 
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life and less reflection cracking. Therefore, it's concluded that the application of PP 
fibers alters the characteristics of asphalt mixture in a very beneficial way. 
Al-Hadidy et al. (2009), investigated the benefits of modifying the asphalt and stone 
matrix asphalt (SMA) mixture in flexible pavement. Fifty/sixty penetration grade 
asphalt cement and four proportion of pyrolysis polypropylene (PP) were selected. 
Unmodified and modified asphalt binders were subjected to rheological and 
homogeneity tests. The performance tests including, Marshall stability, tensile strength 
and compressive strength were conducted on unmodified and modified SMA mixtures. 
The regression relationships between the performance tests were obtained. A 
mechanistic-empirical design approach was used for estimating the improvement in 
service life of the pavement or reduction in thickness of SMA and base layer for the 
same service life due to modification the SMA mixtures. The analyses of test results 
show that the performance of PP-modified asphalt mixtures is better when compared to 
conventional mixtures. The temperature susceptibility can be reduced by the inclusion 
of PP in the asphalt mixture. A PP content of 5% by weight of asphalt is recommended 
for the improvement of the performance of asphalt concrete mixtures similar to that 
investigated in this study. The results of multi-layer elastic analysis presented herein 
indicate that the pavement consisting of PP-modified SMA as a surface layer is 
beneficial in reducing the construction materials. Actual savings would depend upon the 
option exercised by the designer for reducing the thickness of an individual layer. 
2.5.2 Polyester Fibers 
Polyester is the polymerized product of components from crude oil of which asphalt is 
also a component. 
Maurer et al. (1989), investigated the influence of fibers in overlay mixtures. Polyester 
was chosen over polypropylene because of its higher melting point. It was announced 
that the construction of the mixture was done without difficulty or extra equipment. The 
polyester fiber modified mixture was compared to several types of fiber reinforced 
segments and a control section, i.e. without any reinforcement. Test sections were rated 
for ease of construction, cost and resistance to reflection cracking. 
Shiuh et al. (2005), reported that polyester fibers would be used if the strong and 




Shopeng et al. (2008), investigated the effects of polyester fibers on the rheological 
characteristics and fatigue properties of asphalt.  
The results indicated that the viscosity of asphalt binder is increased with increasing 
polyester fiber contents, especially at lower temperature. They confirmed that the 
fatigue property of asphalt mixture could be improved by adding fiber, especially at 
lower stress levels. 
2.5.3 Asbestos (Mineral) Fiber 
Asbestos is the only mineral substance used as a textile fiber. The substance is found in 
fibrous reins of serpentine or amphibole rock (Majoryl, 1986). At first, it was tried to 
use non-synthetic fibers in pavements; therefore, cotton fibers and asbestos fibers were 
used, but these were degradable and were not suitable as the long-term reinforcements. 
Asbestos was also used until it was recognised as a health hazard (Marais,1979). 
Huet et al. (1990), published the results of a study comparing changes in void contents 
and hydraulic properties of plain and modified asphalt mixtures placed on the Nantes 
fatigue test track in France. Two of the mixtures used a polymer modifier (SBS) and the 
third used a mineral (asbestos) fiber to modify the base mixture. Plain and SBS 
modified mixtures showed similar decreases in void content and hydraulic properties 
after 1,100,000 load cycles. In contrast, Huet concludes that the mixtures modified with 
fiber “had undergone no reduction in void content; its drainage properties were 
practically unchanged and rutting was minimal” after the same loading. 
2.5.4 Cellulose Fiber 
Stuart et al. (1994), evaluated two loose cellulose fibers, a pelletized cellulose fiber, and 
two polymers. The mixtures were evaluated for binder drain-down and resistance to 
rutting, low temperature cracking, aging and moisture damage. Drain-down tests 
showed that all mixtures with fiber drained significantly less than those with polymers 
or the control. Fiber modified mixtures were the only ones to meet test specifications for 
drain down. The control samples were found to have excellent resistance to rutting and 
no significant difference was observed between the control and mixtures with modified 
binder. Low temperature and moisture damage results were inconclusive. Polymer 
modified mixtures were found to have better resistance to aging. 
Partl et al. (1994), used various contents of cellulose fibers in one mix in a study of 
stone matrix asphalt (SMA). Mixtures were evaluated using thermal stress restrained 
specimen tests and indirect tensile tests. Problems with fiber clumping occurred in the 
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mixing process. Distribution of fibers was improved by increasing mixing temperature 
and duration, but some clumps were still present. The study concluded that SMA with 
cellulose fiber did not significantly improve the mix based on the two tests conducted. 
The authors believe that the poor distribution of fibers may have caused the limited 
improvement, but suggest further research to confirm this theory. 
Shaopeng et al. (2006), investigated the dynamic characteristics of fiber-modified 
asphalt mixture by Cellulose fiber, polyester fiber and mineral fiber were used as 
additives to asphalt mixture. Experimental results show that all fiber-modified asphalt 
mixtures have higher dynamic modulus compared with control mixture. 
2.5.5 Carbon fibers 
Carbon fiber is defined as a fiber containing at least 92 wt % carbon, while the fiber 
containing at least 99 wt % carbon is usually called a graphite fiber. Carbon fibers 
generally have excellent tensile properties, low densities, high thermal and chemical 
stabilities in the absence of oxidizing agents, good thermal and electrical conductivities, 
and excellent creep resistance. 
The two most important precursors in the carbon fiber industry are polyacrylonitrile 
(PAN) and mesophase pitch (MP). 
In recent years, the carbon fiber industry has been growing steadily to meet the demand 
from different industries such as aerospace (aircraft and space systems), military, 
turbine blades, construction (non-structural and structural systems), etc. (Huang, 2009) 
Khattak et al. (2013), focused on the mechanistic characteristics of electrically 
conductive carbon nano-fiber (CNF) modified hot mix asphalt (HMA) mixtures. HMA 
mixtures were modified with varying percentages of CNF. The viscoelastic, strength, 
permanent deformation and fatigue characteristics of the neat and modified mixtures 
were evaluated under indirect tension mode. In order to understand the 
micromechanical behavior of CNF in HMA mixtures, the microstructure and 
morphology of fracture surfaces of HMA samples were studied using Scanning Electron 
Microscopy (SEM). It was found that the addition of CNF improves the performance of 





2.5.6 Nylon fibers  
The term ‘‘Nylon” was derived from no-run. The name originally considered by its 
invertors to emphasize durability of ladies' hosiery manufactured from it. Nylon, a 
popular facing yarn of carpets, is used for the actual recycled carpet fibers in asphalt 
pavement. 
Lee S. J. (2005), investigated the influence of Nylon fibers on the fatigue cracking 
resistance of asphalt concrete using fracture energy. The experimental program was 
designed with two phases: the single fiber pull-out test and the indirect tension strength 
test. Through pull-out tests of 15-denier single nylon fibers, the critical fiber embedded 
length was determined to be 9.2 mm. As for indirect tension strength tests, samples of 
asphalt concrete mixed with nylon fibers of two lengths, i.e. 6 and 12 mm, were 
prepared and tested based on the results of the pull-out tests (critical embedded length) 
and three volume fractions of 0.25%, 0.5% and 1%.  
The use of asphalt concrete samples fabricated with fibers of 1% volume and the length 
of 12 mm results in 85% higher fracture energy than non-reinforced specimens, 
showing improved fatigue cracking resistance. 
2.5.7 Glass fibers  
Glass fiber is by far the most predominant fiber used in the reinforced polymer industry 
and among the most versatile.  Although melting glass and drawing into fibers is an 
ancient technique, long continuous fiber drawn from glass was introduced in the 1930’s 
by Owens-Corning as glass wool and given the popular name fiberglass. 
Fibers made from glass are manufactured in many varieties for specific uses.  It 
typically has a silica content of greater than 50 percent, and the composition with 
different mineral oxides give the resulting product its distinct characteristics.  
2.5.7.1 Glass fiber types 
A-glass - Alkali glass made with soda lime silicate.  Used where electrical resistivity of 
E-glass is not needed.  A-glass or soda lime glass is the predominate glass used for 
containers and windowpanes. 
AR-glass – Alkali Resistant glass made with zirconium silicates.  Used in Portland 
cement substrates. 




D-glass – Low dielectric constant glass made with borosilicates.  Used in electrical 
applications. 
E-glass – Alkali free, highly electrically resistive glass made with alumina-calcium 
borosilicates.  E-glass is known in the industry as a general-purpose fiber for its strength 
and electrical resistance.  It is the most commonly used fiber in the fiber reinforced 
polymer composite industry. 
ECR-glass – An E-glass with higher acid corrosion resistance made with calcium 
aluminosilicates.  Used where strength, electrical conductivity and acid corrosion 
resistance is needed. 
R-glass – A reinforcement glass made with calcium aluminosilicates used where higher 
strength and acid corrosion resistance is needed. 
S-glass – High strength glass made with magnesium aluminosilicates.  Used where high 
strength, high stiffness, extreme temperature resistance, and corrosive resistance is 
needed. 
S-2 glass – Glass similar to, but with somewhat improved properties with, S-glass.  “S-
2” is a brand name originally created by Owens-Corning but spun off in 1998 and is 
now a registered trademark of AGY Holdings Corp. 
Fibers used for structural reinforcement composites generally fall into the categories of 
E-glass, AR-glass and S-glass.  Of all the fibers, available for structural strengthening 
and reinforcement, E-glass is by far the most used and is the least expensive. Glass 
filament typical mechanical properties are listed in the following table 2.9. 











A-glass 2.44 3300 72 4.8 
AR-glass 2.7 1700 72 2.3 
C-glass 2.56 3300 69 4.8 
D-glass 2.11 2500 55 4.5 
E-glass 2.54 3400 72 4.7 
ECR-glass 2.72 3400 80 4.3 
R-glass 2.52 4400 86 5.1 




The historical origin of glass and glass fibers is uncertain. The fiber-forming substance 
is glass. Glass fiber has high strength and its elongation is only 3–4%, but its elastic 
recovery is 100 percent. Fibers of glass will not burn. However, they soften at about 
815◦C and their strength begins to decline at temperatures above  
315◦C. 
It is thought that adding glass fibers to asphalt mixtures enhances material strength and 
fatigue characteristics while increasing ductility. Due to their excellent mechanical 
properties, glass fibers might offer an excellent potential for asphalt modification. With 
new developments in producing glass fiber, reinforced bituminous mixtures can be 
more cost competitive and cost effective as compared to modified binders. The use of 
glass fiber-reinforced asphalt mixtures may increase the construction cost; however, this 
may reduce and save the maintenance cost. 
Mahrez A., et al. (2005), present the characteristics and properties of glass fiber 
reinforced Stone Mastic Asphalt, which may have the benefit of improving the 
performance of road pavement. To evaluate the effect of the fiber content on the 
bituminous mixes, laboratory investigations were conducted on the samples with and 
without fibers. The testing undertaken in this research comprise the Marshall test, 
indirect tensile test, creep test and resistance to fatigue cracking by using repeated load 
indirect tensile test.  
 The use of Glass fiber showed consistent results and it was found the addition of fiber 
does affect the properties of bituminous mixes, by decreasing its stability and an 
increase in the flow value as well the voids in the mix. The results showed that the 
addition of glass fiber will be beneficial in improving some of the main properties of the 
flexible pavement.  
Shukla et al. (2013), determined the feasibility of modifying the behavior of a standard 
asphalt concrete (AC) mix through the use of glass fiber. The purpose of this study was 
to identify and understand the factor that is responsible for improving the behavior of 
Glass Fiber Modified Asphalt Mixes (GFMAM). Asphalt concrete samples were 
prepared and tested to evaluate the mixture characteristics such as its fatigue life, skid 
resistance and rutting resistance. The conclusions drawn from the study on testing of 
GFMAM are increased stiffness and resistance to permanent deformation compared to 
conventional asphalt mix. Fatigue characteristics of the mixtures were also improved. 
As the glass fibers used were of high tensile strength, GFMAM produced a higher 
indirect tensile strength for paving applications. 
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2.6 Summary of Literature Review 
It is thought that adding glass fibers to asphalt mixtures enhances material strength and 
fatigue characteristics while increasing ductility. Due to their excellent mechanical 
properties, glass fibers might offer an excellent potential for asphalt modification. The 
addition of glass fiber will be beneficial in improving some of the main properties of the 
flexible pavement. The tensile strength and related properties of mixtures containing 















3 Chapter Three 











The main objective of this study is to evaluate the properties of hot mix asphalt 
modified by glass fiber. Process and procedures on how this study is carried out will be 
explained in detail. 
This chapter deals with two topics. First, is to evaluate the used materials properties 
such as aggregates, bitumen and glass fiber. Second, is to describe how experimental 
work has been done to achieve study objectives. 
3.2 Laboratory Test Procedure 
This study is based on laboratory testing as the main procedure to achieve study goals. 
All the testing is conducted using equipment and devices available in the laboratories of 
Association of Engineers – Gaza. 
Laboratory tests are divided into several stages, which begin with the properties 
evaluation of the used materials: aggregates, bitumen, and glass fiber. Sieve analysis is 
carried out for each aggregate type to obtain the grading of aggregate sizes followed by 
aggregates blending to obtain wearing course gradation curve used to prepare asphalt 
mix.  After that, Asphalt mixes with different bitumen contents are prepared and 
marshal test is conducted to obtain optimum bitumen content. The value of the optimum 
bitumen is used to prepare asphalt mixes modified with various percentages of glass 
fiber. Marshal Test are utilized to evaluate the properties of these modified mixes. 
Finally, laboratory test results are obtained and analyzed. Figure (3.1) shows the flow 
chart of laboratory testing procedure. 
3.2.1 Materials collection 
Materials required for this study are the component of hot mix asphalt, Figure (3.1) 
displays the laboratory testing procedure and Table (3.1) presents main and local 





Figure (3.1): Flow chart of laboratory testing procedure 
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Bitumen Occupied Palestinian Territories Al-Qaoud factory 
Glass Fiber France Bloom Company 
 
3.2.2 Number of samples required 
First Stage:  
Five percentages of bitumen were examined to determine the best percentage of 
bitumen for the aggregates used, which represent 4.5, 5, 5.5 and 6% by weight of the 
mix with 3 samples for each percentage, total samples 12. 
Second Stage: 
Three samples were made using the OBC for determining the mechanical properties at 
different percentages of glass fiber (0, 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1.00%) by the 
total weight of asphalt mix, total samples 21. 
Total number of samples required for two stage = approximately 33 samples. 
3.2.3 Materials properties 
3.2.3.1 Bitumen properties 
Asphalt binder 60/70 was used in this research. In order to evaluate bitumen properties, 
different laboratory tests have been performed such as: specific gravity, ductility, flash 
point, fire point, softening point and penetration. 
a) Bitumen penetration test 
- Test specification:  ASTM D5/D5M -13 
- Container dimension:  75 mm x 55mm 
- Test results is listed in Table (3.2)  
 
Table (3.2): Bitumen penetration test results 
Test Unit Result Requirements Specification 






b) Ductility test 
- Test specification:  ASTM D113-86 
- Test results are listed in Table (3.3).  
- Figure (3.2) show ductility test for a bitumen sample. 
 
Table (3.3): Bitumen ductility test results 
Test Unit Result Requirements Specification 
Ductility cm +150 Min 100 ASTM D113-86 
 
 
Figure (3.2): Ductility test for a bitumen sample 
c) Softening point test 
Softening Point: Used to determine the temperature at which a phase change occurs 
in asphalt cement. The ring and ball method is used for this test. 
- Test specification:  ASTMD36-2002 
- Test results are listed in Table (3.4). 
- Figure (3.3) show softening point test for bitumen samples. 
 
Table (3.4): Bitumen softening point results 
Test Unit Result Requirements Specification 





Figure (3.3): Softening point test for bitumen samples 
d) Flash point test 
Flash Point: the lowest temperature at which the application of test flame causes the 
vapors from the bitumen to momentarily catch fire in the form of a flash. 
- Test specification: ASTM D92-02B 
- Test results is listed in Table (3.5) 
Table (3.5): Bitumen flash point test results 
Test Unit Result Requirements Specification 
Flash point ° C 273 Min 230 C° ASTM D92-12b 
 
e) Specific gravity test 
- Test specification: ASTM D 3289-03 
- Test results is listed in Table (3.6)  
 
Table (3.6): Bitumen density test results 
Test Unit Result Requirements Specification 








f) Summary of bitumen properties 
Table (3.7): Summary of bitumen properties 
Test Specification Results 
ASTM specifications 
limits 
Penetration (0.01 mm) ASTM D5/D5M -13 63 60-70  
Ductility (cm) ASTM D113-86 +150 Min 100 
Softening point (oC) ASTMD36-2002 49.2 (48 – 56) 
Flash point (oC) ASTM D92-12b 273 Min 230o C 
Specific gravity (g/cm3) ASTM D 3289-03 1.02 0.97-1.06 
 
3.2.3.2 Glass Fiber: 
Table (3.8) shows the physical property of Glass Fiber. The mixes were prepared with 
glass fiber of different percentages “i.e. 0.1%, 0.2%, 0.4%, 0.6%, 0.8%, 1.0%” by the 
total weight of asphalt mix. 
 
Table (3.8): Glass Fiber properties 
Property Detail 
Fiber type Glass Fiber (E- class) 
length (mm) 12 
Density (g/cm3) 2.54 
Tensile Strength (MPa) 3400 
 
 




The length of fiber (12mm) was used according to many reasons: 
1- To obtain a better distribution of the fibers amount added to the mix. 
2- The fiber length is proportional with the maximum aggregate size used in the 
asphalt mix in this thesis (1/2" wearing coarse). 
3- Trial mixes with different lengths (12 and  19mm) were prepared and then we 
found that the mix with fiber length (12mm) is better in distribution, workability 
and test results.  
 
3.2.3.3 Aggregates properties 
Aggregates used in asphalt mix can be divided as shown in Table (3.9) and Figure (3.5). 
Table (3.9): Used aggregates types 
 Type of aggregate Particle size (mm) 
Coarse 
Folia 0/ 19.0 
Adasia 0/ 12.5 






Figure (3.5): Used aggregates types 
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In order to define the properties of used aggregates, many laboratory tests have been 
done, these tests include: 
a. Sieve analysis (ASTM C 136) 
b. Specific gravity test (ASTM C127). 
c. Water absorption (ASTM C128) 
d. Los Angles abrasion (ASTM C131) 
e. Sand equivalent (AASHTO T 176) 
 
Table (3.10): Specific Gravity Test of aggregates 
 Unit Simsimia Adasia 
S.S.D Weight g 2930.0 3130.0 
Weight in Water g 1782.5 1935 
Volume of Solids cm3 1147.5 1195.0 
Specific Gravity  2.553 2.619 
Dry Specific Gravity  2.506 2.568 
Table (3.11): Water Absorption Test of Aggregates 
 Unit Simsimia Adasia 
S.S.D Weight g 2930.0 3130.0 
Oven Dry Weight g 2877 3070 
Water Absorption % 1.842 1.954 
Table (3.12): Specific Gravity Test of Sand & Filler 
 Unit Filler Fine 
Dry Weight g 340.7 127.0 
Pycnometer + water g 1816.5 1816.5 
Pycnometer + water +Sample g 2026.0 1894.0 
Specific Gravity  2.649 2.617 











(500 Cycles) % 
23.5 25.2 * < 30% 




3.2.3.3.1 Sieve analysis 
- Specification (ASTM C 136) 
- Table (3.14) and Figures (3.6 - 3.10) show aggregates sieve analysis results. 
Table (3.14): Aggregates sieve analysis results 
Sieve No.  
Sieve size 
(mm) 
Sample passing % 
Adasia Simsimia Trabia Filler 
0/ 12.5 0/ 9.50 0/4.75 
 
1" 25 100.00 100.00 100.00 100.00 
3/4" 19 100.00 100.00 100.00 100.00 
1/2" 12.5 70.14 100.00 100.00 100.00 
3/8" 9.5 20.38 100.00 100.00 100.00 
# 4 4.75 1.42 51.09 97.45 100.00 
# 8 2.36 0.73 12.08 94.65 100.00 
# 30 0.6 0.60 3.11 44.65 99.85 
# 50 0.3 0.60 2.49 24.71 91.69 
# 80 0.18 0.60 2.08 14.84 82.36 

































































































































3.3 Testing program 
3.3.1 Blending of aggregates 
Asphalt mix requires the combining of two or more aggregates, having different 
gradations, to produce an aggregate blend that meets gradation specifications for a 
particular asphalt mix. 
Available aggregate materials (0/19), (0/12.5), (0/9.5), (0/4.75) and sand are integrated 
in order to get the proper gradation within the allowable limits according to ASTM 
specifications using mathematical trial method. This method depends on suggesting 
different trial proportions for aggregate materials from whole gradation. The percentage 
of each size of aggregates is to be computed and compared to the specification limits. If 
the calculated gradation is within the allowable limits, no further adjustments need to be 
made; if not, an adjustment in the proportions must be made and the calculations 
repeated. The trials are continued until the percentage of each size of aggregate are 
within allowable limits (Jendia, 2000). Aggregates blending results are presented in 
chapter (4) and in more detail in Appendix (B). 
3.3.2 Marshal test 
Marshall Method for designing hot asphalt mixtures were used to determine the 
optimum bitumen content to be added to specific aggregate blend resulting a mix where 
the desired properties of strength and durability are met. According to standard 75-blow 
Marshal design method designated as (AASHTO T 245-13) a number of 12 samples 
each of 1200 gm in weight were prepared using five different bitumen contents (from 
4.5 - 6% with 0.5 % incremental). Three samples were used to prepare asphalt mixture 
with one-bitumen content to have an average value of Marshal Stability, bulk density 
and flow. Figure (3.11) show Marshal Specimens for different bitumen percentages. 
Marshall Properties of the asphalt mix such as stability, flow, density, air voids in total 
mix, and voids filled with bitumen percentage are obtained for various bitumen 
contents. Then the following graphs are plotted: 
a. Stability vs. Bitumen Content; 
b. Flow vs. Bitumen Content; 
c. Bulk Specific Gravity vs. bitumen Content; 
d. Air voids (Va) vs. Bitumen Content; 
e. Voids Filled with Bitumen (VFB) vs. Bitumen Content 




Figure (3.11): Marshal specimens for different bitumen percentages 
 
3.3.3 Determination of optimum bitumen content (OBC) 
The optimum bitumen content (OBC) for proposed mix is the average of three values of 
bitumen content (Jendia, 2000), which include: 
a. Bitumen content at the highest stability (% mb) Stability 
b. Bitumen content at the highest value of bulk density (% mb) bulk density 
c. Bitumen content at the median of allowed percentages of air voids (Va = 3-5%) 
(% mb) Va 
Marshal graphs are utilized to obtain these three values. 
 
Optimum bitumen content (OBC) % = 
3
 mb) (%   mb) (%  mb) (% Vadensitybulk Stability 
 
Properties of the asphalt mix using optimum bitumen content such as stability, flow, Va, 


















4 Chapter Four 












Results of laboratory work had been obtained and analyzed in order to achieve study 
objectives which include studying the effect of adding different percentages of Glass 
Fiber on the mechanical properties of asphalt mix and identify the optimum percent of 
Glass Fiber to be added to hot mix asphalt. 
Laboratory work results are presented in this chapter in three stages. First, handling the 
results of blending aggregates to obtain asphalt wearing course gradation curve. Second 
stage, Marshal Test is carried out with different percentages of bitumen which are (4.5, 
5.0, 5.5 and 6.0%) and the results are analyzed in order to obtain the optimum bitumen 
content (OBC).  
After obtaining OBC, the following step is to study the effect of adding different 
percentages of Glass Fiber on asphalt mix properties which are (0.1, 0.2, 0.4, 0.6, 0.8, 
1%) by the weight of asphalt mix. Marshal test results for modified asphalt mixes are 
analyzed and finally the optimum Glass Fiber modifier content is obtained.  
4.2 Blending of aggregates 
The final ratio of each aggregate material in asphalt wearing course is shown in Table 
(4.1). The proposed aggregates gradation curve is found to be satisfying ASTM 
specification for asphalt wearing course gradation. The gradation of final aggregate mix 
with ASTM gradation limits is presented in Table (4.2) and Figure (4.1). 
 
Table (4.1): Proportion of each aggregate material from proposed mix 
Aggregate Type % by Total Weight of Aggregates 
Adasia Aggregate 22.0 % 
Simsimia Aggregate 30.0 % 
Fine Aggregate 45.0 % 
Filler 3.0 % 







Table (4.2): Gradation of proposed mix with ASTM specifications limits 
Sieve No. Sieve size (mm) % Passing 
ASTM D5315 specification 
limits (%) 
Min Max 
3/4" 19 100.0 100 100 
1/2" 12.5 93.4 90 100 
3/8" 9.5 82.5 67 88 
#4 4.75 62.5 44 74 
#8 2.36 49.4 28 58 
#30 0.6 24.2 16 39 
# 50 0.3 14.7 5 21 
# 80 0.18 9.9 3 15 
#200 0.075 6.4 2 10 
 
 

































4.3 Optimum bitumen content 
As indicated in Chapter (3). A number of 12 samples each of 1200 gm approximate in 
weight were prepared using five different bitumen contents (from 4.5 – 6% with 0.5 % 
incremental) with the purpose to obtain the optimum bitumen content (OBC) for one job 
mix. Table (4.3) and Figures (4.2 – 4.7) show summary of Marshal Test results. Further 
details are offered in Appendix (D). 





















1 1596.2 2.2 2.314 5.5 15.6 64.6 760.1 
2 1565.6 2.1 2.311 5.6 15.7 64.2 711.6 
3 1591.1 2.2 2.313 5.6 15.7 64.5 757.7 
Average 1584.3 2.13 2.312 5.6 15.7 64.4 743.1 
5 
1 1693 2.4 2.322 4.4 15.7 71.8 705.4 
2 1703.2 2.5 2.321 4.5 15.7 71.5 681.3 
3 1698.1 2.5 2.322 4.4 15.7 72 679.2 
Average 1698.1 2.5 2.322 4.4 15.7 71.7 688.7 
5.5 
1 1858.7 2.8 2.328 3.6 16 77.7 663.8 
2 1815.2 2.9 2.328 3.6 16 77.8 625.9 
3 1805 2.8 2.326 3.7 16.1 77.3 644.6 
Average 1826.3 2.8 2.327 3.6 16 77.6 644.8 
6 
1 1695.6 3.1 2.316 3.1 16.6 81.1 547 
2 1750.1 3.1 2.315 3.2 16.7 81 564.6 
3 1747.5 3 2.319 3 16.5 81.7 582.5 
Average 1731.1 3.07 2.317 3.1 16.6 81.3 564.7 
 
4.3.1 Stability – bitumen content relationship 
Stability is the maximum load required to produce failure of the specimen when load is 
applied at constant rate 50 mm / min (Jendia, 2000). Figure (4.2) display the stability 
results for different bitumen contents. Stability of asphalt mix increases as the bitumen 
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content increase till it reaches the peak at bitumen content 5.5% then it started to drop 
gradually at higher bitumen content. 
 
Figure (4.2): Stability vs. bitumen content 
4.3.2 Flow – bitumen content relationship 
Flow is the total amount of deformation which occurs at maximum load (Jendia, 2000). 
Figure (4.3) display the Flow results for different bitumen contents. Flow of asphalt mix 
increases as the bitumen content increase till it reaches the peak at the max bitumen 
content 6.0 %. 
 




































4.3.3 Bulk density – bitumen content relationship 
Bulk density is the real density of the compacted mix. Figure (4.4) display the Bulk 
density results for different bitumen contents. Bulk density of asphalt mix increases as 
the bitumen content increase till it reaches the peak (2.327g/cm3) at bitumen content 5.5 
% then it started to decline gradually at higher bitumen content. 
 
Figure (4.4): Bulk density vs. bitumen content 
4.3.4 Air voids content (Va %) – bitumen content relationship 
The air voids content (Va %) is the percentage of air voids by volume in specimen or 
compacted asphalt mix (Jendia, 2000). Figure (4.5) display the (Va %) results for 
different bitumen contents. Maximum air voids content value is at the lowest bitumen 
percentage (4.5%), (Va %) decrease steadily as bitumen content increase due to the 






















Figure (4.5): Mix air voids proportion vs. bitumen content 
4.3.5 Voids Filled with Bitumen (VFB %) – bitumen content 
Voids Filled with Bitumen (VFB) is the percentage of voids in mineral aggregates filled 
with bitumen (Jendia, 2000). Figure (4.6) display the (VFB %) results for different 
bitumen contents. Minimum VFB content value is at the lowest bitumen percentage 
(4.5%), VFB% increase steadily as bitumen content increase due to the increase of 
voids percentage filled with bitumen in the asphalt mix. 
 
Figure (4.6): Voids filled bitumen proportion vs. bitumen content 
4.3.6 Voids in Mineral Aggregates (VMA)–bitumen content relationship 
Voids in Mineral Aggregates (VMA) is the percentage of voids volume in the 
aggregates before adding bitumen or the sum of the percentage of voids filled with 
bitumen and percentage of air voids remaining in asphalt mix after compaction (Jendia, 



























 VMA decrease steadily as bitumen content increase and fill higher percentage of voids 
in the asphalt mix. 
 
Figure (4.7): Voids of mineral aggregates proportion vs. bitumen content 
4.3.7 Determination of optimum bitumen content (OBC) 
Figures (4.2, 4.4 and 4.5) are used to find three values respectively. 
- Bitumen content at the highest stability (% mb) Stability = 5.50 % 
- Bitumen content at the highest value of bulk density (% mb) bulk density 
=5.50% 
- Bitumen content at the median of allowed percentages of air voids (%mb) Va = 
5.20% 
- Optimum bitumen content (OBC) = (5.50 + 5.50 + 5.20)/3 = 5.40% 
At the recommended (used) asphalt content the following Characteristics are met: 
 
Table (4.4): Recommended to select the optimum asphalt bitumen content 
(MPWH,2004) 
 
Units Min Specified Max Specified 
Stability Kg 900 *** 
Flow mm 2.0 4.0 
Bulk Specific Gravity 
 
2.300 *** 
Va % 3.0 5.0 
VFB % 60.0 75.0 
VMA % 14.0 *** 


















4.4 Effect of adding Glass Fiber on the mechanical properties of asphalt mix 
4.4.1 Phase (I): Conventional asphalt mix  
The mechanical properties of asphalt mix prepared with OBC (5.40 %) without addition 
of Glass Fiber is shown in Table (4.5). 
 






















1 1726.1 2.7 2.326 4.0 16.2 75.2 639.3 
2 1738.8 2.6 2.322 4.2 16.4 74.6 668.8 
3 1721.0 2.7 2.320 4.2 16.4 74.2 637.4 
Average 1728.7 2.7 2.323 4.1 16.3 74.6 648.5 
 
4.4.2 Phase (II): Asphalt mix with Glass Fiber 
According to procedure previously illustrated in Chapter (3), 18 samples were prepared 
at OBC to evaluate the effect of adding Glass Fiber to asphalt mixture samples by 
considering 6 proportions of Glass Fiber (0.1, 0.2, 0.4, 0.6, 0.8 and 1% by the weight of 
total mix). Table (4.6) shows the mechanical properties of asphalt mix using different 
percentages of Glass Fiber (By weight of total mix) at the OBC. Further details are 


































1 1685.4 2.9 2.319 4.7 16.8 63.9 581.2 
2 1677.7 2.9 2.319 4.6 16.8 63.2 578.5 
3 1693.0 3 2.318 4.7 16.8 63.8 564.3 
Average 1685.4 2.9 2.318 4.7 16.8 63.6 574.7 
0.2 
1 1626.8 3.2 2.316 4.5 16.6 73.0 508.4 
2 1621.7 3.1 2.315 4.5 16.6 73.0 523.1 
3 1606.4 3.1 2.313 4.6 16.7 72.6 518.2 
Average 1618.3 3.1 2.315 4.5 16.6 72.9 516.6 
0.4 
1 1642.1 3.4 2.309 4.5 16.6 72.8 483.0 
2 1593.6 3.5 2.309 4.5 16.6 72.8 455.3 
3 1606.4 3.4 2.308 4.6 16.7 72.6 472.5 
Average 1614.0 3.4 2.308 4.5 16.6 72.7 470.3 
0.6 
1 1557.9 3.7 2.303 3.9 16.0 75.4 421.1 
2 1540.1 3.5 2.301 4 16.1 75.0 440.0 
3 1550.3 3.8 2.301 4 16.1 75.1 408.0 
Average 1549.4 3.7 2.301 4 16.0 75.2 423.0 
0.8 
1 1563.0 4 2.292 3.7 15.7 76.4 390.8 
2 1535.0 4.1 2.294 3.6 15.7 76.8 374.4 
3 1555.4 4 2.292 3.7 15.7 76.3 388.8 
Average 1551.1 4 2.293 3.7 15.7 76.5 384.7 
1 
1 1463.5 4.2 2.276 3.8 15.7 76.1 348.5 
2 1453.3 4.4 2.274 3.9 15.8 75.6 330.3 
3 1483.9 4.3 2.277 3.7 15.6 76.3 345.1 
Average 1466.9 4.3 2.276 3.8 15.7 76.0 341.3 
 
4.4.2.1 Stability – Glass Fiber content relationship 
Generally, the stability of modified asphalt mixes is lower than the conventional asphalt 
mix (1728.7 kg). The maximum stability value is found nearly (1685.4 kg) at Glass 
Fiber content around (0.1%).  Figure (4.8) shows that the stability of modified asphalt 




Figure (4.8): Asphalt mix Stability – Glass Fiber content relationship 
 
4.4.2.2 Flow – Glass Fiber content relationship 
Generally, the flow of modified asphalt mix is higher than the conventional asphalt mix 
(2.7 mm). Figure (4.9) shows that the flow increases continuously as the Glass Fiber 
modifier content increase. The flow value extends from (2.9mm) till it reach (4.3mm) at 
Glass Fiber content (1%). 
 





































4.4.2.3 Bulk density – Glass Fiber content relationship 
The bulk density of WPB modified asphalt mix is lower than the conventional asphalt 
mix (2.323 g/cm3). The general trend shows that the bulk density decreases as the Glass 
Fiber content increase. The maximum bulk density is (2.318 g/cm3) at Glass Fiber 
content (0.1%) and the minimum bulk density is (2.276 g/cm3) at Glass Fiber content 
(1%). This decrease of bulk density can be explained to be as a result of the low density 
of added fiber.  Figure (4.10) displays the bulk density results for different glass fiber 
contents. 
 
Figure (4.10): Asphalt mix bulk density – Glass Fiber content relationship 
4.4.2.4 Air voids (Va) – Glass Fiber content relationship 
In general, the air voids proportion of modified asphalt mixes is higher than 
conventional asphalt mix (4.1 %). Va % of modified asphalt mixes decreases gradually 
as the Glass Fiber content increase till it reaches the lowest Va% value at 1% Glass 
Fiber content. Generally modified asphalt mixes have Va% content within 



























Figure (4.11): Asphalt mix air voids – Glass Fiber content relationship 
 
4.4.2.5 Voids in mineral aggregates (VMA) – WPB content relationship 
The voids in mineral aggregates percentage VMA% for asphalt mix is affected by air 
voids in asphalt mix Va and voids filled with bitumen. VMA % of modified asphalt 
mixes decreases as the Glass Fiber content increase, it reaches (15.7%) at Glass Fiber 





































4.4.3 Optimum modifier content 
A set of controls is recommended in order to obtain the optimum modifier content that 
produce an asphalt mix with the best mechanical properties (Jendia, 2000). Asphalt mix 
with optimum modifier content satisfies the following:   
- Maximum stability 
- Maximum bulk density 
- Va % within the allowed range of specifications.  
Figures (4.8, 4.10 and 4.11) are utilized to find Glass Fiber percentages which satisfy 
these three controls. The Glass Fiber percentages which satisfy controls are summarized 
in Table (4.7). 
 
 
Table (4.7): Summary of controls to obtain optimum modifier content 
Property Glass Fiber (By total mix Weight) 
Maximum stability 0.1 % 
Maximum bulk density 0.1 % 
Va % within the allowed range of 




The Optimum Glass Fiber content is the average of the previous three Glass Fiber 
contents. 
~ = 0.27 % 
3
6.01.01.0 













4.4.4 Evaluation of Glass Fiber modified asphalt mix  
The mechanical properties of Glass Fiber modified asphalt mix at the optimum Glass 
Fiber content (0.27 % by the total weight of mix) is shown in Table (4.8). 
 
Table (4.8): Properties of Glass Fiber modified asphalt mix with local specifications  
Property Units 






Stability Kg 1615 900 *** 
Flow mm 3.15 2.0 4.0 
Bulk Specific Gravity 
 
2.312 2.300 *** 
Va % 4.55 3.0 5.0 
VFB % 72.9 60.0 75.0 
VMA % 16.6 14.0 *** 
Stiffness Kg/mm 512.7 500.0 *** 
 
It's clearly shown that adding Glass Fiber to the asphalt mix (0.27 % by the total weight 
of mix) meet the local and international standards requirements as shown in table (4.8). 
The results showed that the addition of Glass Fiber will be beneficial in improving some 
of the main properties of the flexible pavement such as flow and voids. 
As mentioned earlier in the literature review, adding Glass fiber to the asphalt mix 
enhances material strength and fatigue characteristics while increasing ductility. The 
tensile strength and related properties of mixtures containing fibers was found to be 






































Based on experimental work results for Glass Fiber modified asphalt mixtures, the 
following conclusions can be drawn: 
a. Glass Fiber can be conveniently used as a modifier for asphalt mixes for 
improved performance of asphalt mix. 
b. The optimum amount of Glass Fiber to be added as a modifier of asphalt mix 
was found to be (0.27 %) by the total weight of asphalt mix. 
c. Asphalt mix modified with Glass Fiber meets the local and international 
standards requirements. 
d. Asphalt mix modified with Glass Fiber exhibit higher flow value as the Glass 
Fiber percentage increased. However, the stiffness of the modified mix 
decreased . 
5.2 Recommendations 
a. It is recommended to use Glass Fiber content at 0.27% by the total weight of 
asphalt mix to improve performance of asphalt mix. 
b. It is required to establish a local Palestinian specification for usage of fibers and 
modifiers in asphalt mixes.   
5.3 Future Studies 
a. Further researches are recommended to study the effect of adding other Fiber 
types on the asphalt mechanical properties. 
b. Further researches are recommended to conduct this study using different 
bitumen percentages and bitumen types. 
c. Further researches are recommended to conduct this study using Super Pave 
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Table A.1: Suggested percentages for wearing course aggregate mix 
Aggregate mix  
Grain size (mm) 
Suggested percents 
for final agg. Mix  
0.075 0.18 0.3 0.6 2.36 4.75 9.5 12.5 19 25 
Filler   
80.03 2.33 9.33 8.16 0.15 0.00 0.00 0.00 0.00 0.00 
3 
2.40 0.07 0.28 0.24 0.00 0.00 0.00 0.00 0.00 0.00 
Trabia (0/4.75)  
7.64 7.20 9.87 19.94 50.00 2.80 2.55 0.00 0.00 0.00 
45 
3.44 3.24 4.44 8.97 22.50 1.26 1.15 0.00 0.00 0.00 
Simsimia (0/9.5)  
1.48 0.60 0.40 0.63 8.96 39.02 48.91 0.00 0.00 0.00 
30 
0.44 0.18 0.12 0.19 2.69 11.71 14.67 0.00 0.00 0.00 
Adasia (0/12.5)  
0.53 0.07 0.00 0.00 0.14 0.69 18.96 49.76 29.86 0.00 
22 
0.12 0.02 0.00 0.00 0.03 0.15 4.17 10.95 6.57 0.00 
Sum  6.40 3.51 4.84 9.41 25.22 13.12 19.99 10.95 6.57 0.00 100 
∑% passing  6.4 9.9 14.7 24.2 49.4 62.5 82.5 93.4 100.0 100.0 
   
Sieve size (mm)  0.075 0.15 0.3 0.85 2.36 4.75 9.5 12.5 19 25 
Wearing 0/12.5 
(Min)  
2 3 5 16 28 44 67 90 100 100 ASTM 
Specifications D3515 
– D5  (Max)  10 15 21 39 58 74 88 100 100 100 
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Table A.2: Proportion of each aggregate material from proposed mix 
Aggregate Type % by Total Weight of Aggregates 
Adasia Aggregate 22.0 % 
Simsimia Aggregate 30.0 % 
Fine Aggregate 45.0 % 
Filler 3.0 % 
Total 100.0 % 
 









3/4" 100.00 100.00 100.00 100.00 
1/2" 70.14 100.00 100.00 100.00 
3/8" 20.38 100.00 100.00 100.00 
#4 1.42 51.09 97.45 100.00 
#8 0.73 12.08 94.65 100.00 
#30 0.60 3.11 44.65 99.85 
# 50 0.60 2.49 24.71 91.69 
# 80 0.60 2.08 14.84 82.36 
#200 0.53 1.48 7.64 80.03 
 
 



























Table A.4: Gradation of proposed mix with ASTM specifications limits 
Sieve No. Sieve size (mm) % Passing 
ASTM D5315 specification 
limits (%) 
Min Max 
3/4" 19 100.0 100 100 
1/2" 12.5 93.4 90 100 
3/8" 9.5 82.5 67 88 
#4 4.75 62.5 44 74 
#8 2.36 49.4 28 58 
#30 0.6 24.2 16 39 
# 50 0.3 14.7 5 21 
# 80 0.18 9.9 3 15 

























































Calculations of physical properties of aggregates 
 
1- Specific gravity and absorption (ASTM C128-12)  
• Coarse aggregate (Adasia)  
A= Weight of oven-dry sample in air, grams = 2877 gr 
B=weight of saturated - surface -dry sample in air = 2930 gr  
C= weight of saturated sample in water = 1782.5 gr  




























• Absorption = 
2930−2877
2877
∗ 100 = 1.84%  
• Coarse Aggregate (Simsimia)  
A= Weight of oven-dry sample in air, grams = 3070 gr  
B=weight of saturated - surface -dry sample in air = 3130 gr  
C= weight of saturated sample in water = 1935 gr 




























• Absorption = 
3130−3070
3070






2- Pycnometer method  
• Fine Aggregate  
( )    = Weight of Pycnometer filled with water = 1816.5 gr  
( )         = Weight of the Fine sample dry = 340.7 gr  
( ) =Weight of Pycnometer filled with water and the Fine 
sample= 2026 gr  





( )    = Weight of Pycnometer filled with water = 1816.5 gr  
( )         = Weight of the Fine sample dry = 127 gr  
( ) =Weight of Pycnometer filled with water and the Fine sample 
= 1894 gr  























































The Inputs of the Binder Course Job Mixes 
 
Used Equations to calculate the mechanical properties of asphalt mix  
  
  
%VMA =   
%VFB =  
: Air voids contents in total mix.  
: Percent bitumen volume.  
 : Percent of Bitumen.  
 : Density of compacted mix (g/ ).  
 : Density of Bitumen at 25°C.  
 : Max. Theoretical density.  
VMA: Voids in mineral Aggregates.  


















Marshal tests results 
• No. of blows on each side: 75 blow 
• Mixing temp: 160° C 
 




1 2 3 
Weight in air (g) 1195.0 1199.5 1191.0 1195.2 
Weight in water (g) 680.0 681.5 677.0 679.5 
Weight in air (S.S.D) (g) 1196.5 1200.5 1192.0 1196.3 
Volume (cm3) 516.5 519.0 515.0 516.8 
Bulk dry specific gravity 2.314 2.311 2.313 2.312 
Max specific gravity 2.449 2.449 2.449 2.449 
Marshal stability reading (×5 div) 620.0 608.0 618.0 615.3 
Stability correction factor 1.00 1.00 1.00 1.00 
Corrected stability (kg) 1596.2 1565.6 1591.1 1584.3 
Plastic Flow (mm) 2.10 2.20 2.10 2.13 
Stiffness (kg/mm) 760.1 711.6 757.7 743.1 
Air voids content in total mix Va (%) 5.5 5.6 5.6 5.6 
Voids of mineral agg. (V.M.A)% 15.6 15.7 15.7 15.7 














• No. of blows on each side: 75 blow 
• Mixing temp: 160° C 
 




1 2 3 
Weight in air (g) 1192.5 1188.5 1191.0 1190.7 
Weight in water (g) 680.5 678.0 678.5 679.0 
Weight in air (S.S.D) (g) 1194.0 1190.0 1191.5 1191.8 
Volume (cm3) 513.5 512.0 513.0 512.8 
Bulk dry specific gravity 2.322 2.321 2.323 2.322 
Max specific gravity 2.430 2.430 2.430 2.430 
Marshal stability reading (×5 div) 658.0 662.0 660.0 660.0 
Stability correction factor 1.00 1.00 1.00 1.00 
Corrected stability (kg) 1693.0 1703.2 1698.1 1698.1 
Plastic Flow (mm) 2.40 2.50 2.50 2.5 
Stiffness (kg/mm) 705.4 681.3 679.2 688.7 
Air voids content in total mix Va (%) 4.4 4.5 4.4 4.4 
Voids of mineral agg. (V.M.A)% 15.7 15.7 15.7 15.7 















• No. of blows on each side: 75 blow 
• Mixing temp: 160° C 
 




1 2 3 
Weight in air (g) 1179.0 1192.0 1195.5 1188.8 
Weight in water (g) 678.5 686.0 686.5 683.7 
Weight in air (S.S.D) (g) 1185.0 1198.0 1200.5 1194.5 
Volume (cm3) 506.5 512.0 514.0 510.8 
Bulk dry specific gravity 2.328 2.328 2.326 2.327 
Max specific gravity 2.414 2.414 2.414 2.414 
Marshal stability reading (×5 div) 695.0 706.0 702.0 701.0 
Stability correction factor 1.04 1.00 1.00 1.01 
Corrected stability (kg) 1858.7 1815.2 1805.0 1826.3 
Plastic Flow (mm) 2.80 2.90 2.80 2.8 
Stiffness (kg/mm) 663.8 625.9 644.6 644.8 
Air voids content in total mix Va (%) 3.6 3.6 3.7 3.6 
Voids of mineral agg. (V.M.A)% 16.0 16.0 16.1 16.0 















• No. of blows on each side: 75 blow 
• Mixing temp: 160° C 
 




1 2 3 
Weight in air (g) 1195.0 1171.5 1164.0 1176.8 
Weight in water (g) 682.5 669.0 666.0 672.5 
Weight in air (S.S.D) (g) 1198.5 1175.0 1168.0 1180.5 
Volume (cm3) 516.0 506.0 502.0 508.0 
Bulk dry specific gravity 2.316 2.315 2.319 2.317 
Max specific gravity 2.391 2.391 2.391 2.391 
Marshal stability reading (×5 div) 659.0 654.0 653.0 655.3 
Stability correction factor 1.00 1.04 1.04 1.03 
Corrected stability (kg) 1695.6 1750.1 1747.5 1731.1 
Plastic Flow (mm) 3.10 3.10 3.00 3.07 
Stiffness (kg/mm) 547.0 564.6 582.5 564.7 
Air voids content in total mix Va (%) 3.1 3.2 3.0 3.1 
Voids of mineral agg. (V.M.A)% 16.6 16.7 16.5 16.6 















Table C.5: Calculations of the Max. Theoretical density 
S.G % Aggregate type 
2.553 22.0% Adasia Aggregate 
2.619 30.0% Simsimia Aggregate 
2.649 45.0% Fine Aggregate 

































































Appendix (D)   
Glass Fiber Modified asphalt mix tests results 
 
Marshal tests results  
Conventional mix    
Glass Fiber = 0 % 
• No. of blows on each side: 75 blow 
• 1/2" wearing course mix 
• Bitumen = 5.4 % (By total weight) 





1 2 3 
Weight in air (g) 1193.0 1186.5 1198.5 1192.7 
Weight in water (g) 679.5 675.5 681.5 678.8 
Weight in air (S.S.D) (g) 1192.5 1186.5 1198.0 1192.3 
Volume (cm3) 513.0 511.0 516.5 513.5 
Bulk dry specific gravity 2.326 2.322 2.320 2.323 
Max specific gravity 2.423 2.423 2.423 2.423 
Marshal stability reading (×5 div) 671.0 676.0 669.0 672.0 
Stability correction factor 1.00 1.00 1.00 1.00 
Corrected stability (kg) 1726.1 1738.8 1721.0 1728.7 
Plastic Flow (mm) 2.70 2.60 2.70 2.7 
Stiffness (kg/mm) 639.3 668.8 637.4 648.5 
Air voids content in total mix Va (%) 4.0 4.2 4.2 4.1 
Voids of mineral agg. (V.M.A) % 16.2 16.4 16.4 16.3 








Marshal tests results  
Glass Fiber = 0.1 % (By the total weight of mix) 
 
• No. of blows on each side: 75 blow 
• 1/2" wearing course mix 
• Bitumen = 5.4 % (By total weight) 





1 2 3 
Weight in air (g) 1201 1196.5 1195 1198 
Weight in water (g) 684 681.5 680.5 682 
Weight in air (S.S.D) (g) 1202 1197.5 1196 1199 
Volume (cm3) 518 516 515.5 516.5 
Bulk dry specific gravity 2.319 2.319 2.318 2.318 
Max specific gravity 2.432 2.432 2.432 2.432 
Marshal stability reading (×5 div) 655 652 658 655 
Stability correction factor 1 1 1 1.00 
Corrected stability (kg) 1685.4 1677.7 1693.0 1685.4 
Plastic Flow (mm) 2.9 2.9 3 2.9 
Stiffness (kg/mm) 581.2 578.5 564.3 574.7 
Air voids content in total mix Va (%) 4.7 4.6 4.7 4.7 
Voids of mineral agg. (V.M.A) % 16.8 16.8 16.8 16.8 











Marshal tests results  
Glass Fiber = 0.2 % (By the total weight of mix) 
 
• No. of blows on each side: 75 blow 
• 1/2" wearing course mix 
• Bitumen = 5.4 % (By total weight) 





1 2 3 
Weight in air (g) 1192.5 1200.5 1159 1184 
Weight in water (g) 678.5 683 659 674 
Weight in air (S.S.D) (g) 1193.5 1201.5 1160 1185 
Volume (cm3) 515 518.5 501 511.5 
Bulk dry specific gravity 2.316 2.315 2.313 2.315 
Max specific gravity 2.424 2.424 2.424 2.424 
Marshal stability reading (×5 div) 632 630 624 629 
Stability correction factor 1 1 1 1.00 
Corrected stability (kg) 1626.8 1621.7 1606.4 1618.3 
Plastic Flow (mm) 3.2 3.1 3.1 3.1 
Stiffness (kg/mm) 508.4 523.1 518.2 516.6 
Air voids content in total mix Va (%) 4.5 4.5 4.6 4.5 
Voids of mineral agg. (V.M.A) % 16.6 16.6 16.7 16.6 












Marshal tests results  
Glass Fiber = 0.4 % (By the total weight of mix) 
 
• No. of blows on each side: 75 blow 
• 1/2" wearing course mix 
• Bitumen = 5.4 % (By total weight) 





1 2 3 
Weight in air (g) 1199.5 1181 1196.5 1192 
Weight in water (g) 681.5 671 679.5 677 
Weight in air (S.S.D) (g) 1201 1182.5 1198 1194 
Volume (cm3) 519.5 511.5 518.5 516.5 
Bulk dry specific gravity 2.309 2.309 2.308 2.308 
Max specific gravity 2.418 2.418 2.418 2.418 
Marshal stability reading (×5 div) 638 619 624 627 
Stability correction factor 1 1 1 1.00 
Corrected stability (kg) 1642.1 1593.6 1606.4 1614.0 
Plastic Flow (mm) 3.4 3.5 3.4 3.4 
Stiffness (kg/mm) 483.0 455.3 472.5 470.3 
Air voids content in total mix Va (%) 4.5 4.5 4.6 4.5 
Voids of mineral agg. (V.M.A) % 16.6 16.6 16.7 16.6 











Marshal tests results  
Glass Fiber = 0.6 % (By the total weight of mix) 
 
• No. of blows on each side: 75 blow 
• 1/2" wearing course mix 
• Bitumen = 5.4 % (By total weight) 





1 2 3 
Weight in air (g) 1198.5 1194 1195.5 1196 
Weight in water (g) 679.5 676 677.5 678 
Weight in air (S.S.D) (g) 1200 1195 1197 1197 
Volume (cm3) 520.5 519 519.5 519.7 
Bulk dry specific gravity 2.303 2.301 2.301 2.301 
Max specific gravity 2.397 2.397 2.397 2.397 
Marshal stability reading (×5 div) 605 598 602 602 
Stability correction factor 1 1 1 1.00 
Corrected stability (kg) 1557.9 1540.1 1550.3 1549.4 
Plastic Flow (mm) 3.7 3.5 3.8 3.7 
Stiffness (kg/mm) 421.1 440.0 408.0 423.0 
Air voids content in total mix Va (%) 3.9 4.0 4.0 4.0 
Voids of mineral agg. (V.M.A) % 16.0 16.1 16.1 16.0 











Marshal tests results  
Glass Fiber = 0.8 % (By the total weight of mix) 
 
• No. of blows on each side: 75 blow 
• 1/2" wearing course mix 
• Bitumen = 5.4 % (By total weight) 





1 2 3 
Weight in air (g) 1187.5 1185 1193 1189 
Weight in water (g) 671 670 674 672 
Weight in air (S.S.D) (g) 1189 1186.5 1194.5 1190 
Volume (cm3) 518 516.5 520.5 518.3 
Bulk dry specific gravity 2.292 2.294 2.292 2.293 
Max specific gravity 2.381 2.381 2.381 2.381 
Marshal stability reading (×5 div) 607 596 604 602 
Stability correction factor 1 1 1 1.00 
Corrected stability (kg) 1563.0 1535.0 1555.4 1551.1 
Plastic Flow (mm) 4 4.1 4 4.0 
Stiffness (kg/mm) 390.8 374.4 388.8 384.7 
Air voids content in total mix Va (%) 3.7 3.6 3.7 3.7 
Voids of mineral agg. (V.M.A) % 15.7 15.7 15.7 15.7 











Marshal tests results  
Glass Fiber = 1.0 % (By the total weight of mix) 
 
• No. of blows on each side: 75 blow 
• 1/2" wearing course mix 
• Bitumen = 5.4 % (By total weight) 





1 2 3 
Weight in air (g) 1196 1192.5 1200 1196 
Weight in water (g) 672 669 674 672 
Weight in air (S.S.D) (g) 1197.5 1193.5 1201 1197 
Volume (cm3) 525.5 524.5 527 525.7 
Bulk dry specific gravity 2.276 2.274 2.277 2.276 
Max specific gravity 2.365 2.365 2.365 2.365 
Marshal stability reading (×5 div) 568 564 576 569 
Stability correction factor 1 1 1 1.00 
Corrected stability (kg) 1463.5 1453.3 1483.9 1466.9 
Plastic Flow (mm) 4.2 4.4 4.3 4.3 
Stiffness (kg/mm) 348.5 330.3 345.1 341.3 
Air voids content in total mix Va (%) 3.8 3.9 3.7 3.8 
Voids of mineral agg. (V.M.A) % 15.7 15.8 15.6 15.7 















































































Figure 0E.7: Asphalt mix during compaction 
 
 
Figure 0E.8: Aggregate types 
 
